Although the findings in this article do not result from a classical prospective randomized large scale trial, which most probably never will be done due to its complexity and costs, the large number of patients analyzed allows for a quite robust conclusion: For fluid replacement and resuscitation use of solutions with a low SID as NaCl 0.9% and D5W should be abandoned. One century after the development of a balanced solution with a SID close to plasma, it is really time to change.
Moving Beyond Single-Parameter Early Warning Scores for Rapid Response System Activation* E arly warning systems provide an assessment of a patient's likelihood of developing critical illness and thus requiring additional critical care resources. The groundwork for these systems was laid millennia ago, with the Hippocratic "Book of Prognostics." The statement attributed to Hippocrates that "it is bad if he has dyspnoea, and urine that is thin and acrid, and if sweats come out about the neck and head" includes clinical variables (respiratory rate and urine output) still used in early warning systems today (1) . These systems now form the foundation for activating Rapid Response and Medical Emergency Teams.
Traditionally, early warning systems have come in two primary configurations: single-parameter criteria and aggregated weighted scores (2) . The former originated in Australia over 2 decades ago as a set of equally weighted abnormal physiologic thresholds (e.g., respiratory rate > 36), the presence of any of which would trigger the system (3). In contrast, aggregated weighted scoring systems, such as the Modified Early Warning Score (MEWS), which arose in the United Kingdom around the same time, involve summing up points from multiple parameters based on the degree of derangement (e.g., two points for a respiratory rate of 21-29 and three points for ≥ 30) (4, 5) .
In this issue of Critical Care Medicine, Smith et al (6) provide important evidence regarding the comparative accuracy of the National Early Warning Score (NEWS), an aggregated weighted score similar to the MEWS, which was developed by the Royal College of Physicians as a uniform method of identifying clinical deterioration in patients across the National Health Service (NHS) in the United Kingdom (6) . Using data from an NHS District General Hospital, the authors compared NEWS to 44 distinct single-parameter tools and found it to be superior for predicting death, cardiac arrest, and/or unanticipated ICU transfer. This study is limited by the fact that this is a single center study using a population arising from the same hospital in which the VitalPAC Early Warning Score (ViEWS), its immediate precursor, was originally derived (7) . However, these concerns are largely mitigated by the fact that there is no overlap between the ViEWS derivation cohort and the current study population, and that the findings are consistent with independent studies demonstrating the superiority of aggregated weighted scoring systems over single-parameter criteria (2, 8) .
From a statistical modeling perspective, the finding that an aggregate weighted scoring system is more accurate than single-parameter criteria is not surprising. Single-parameter tools are generally based on single cut-points of continuous variables, which result in the loss of valuable information. For example, respiratory rates of 18 and 30 count similarly if they are both below the activation threshold. Furthermore, these criteria will miss subtle abnormalities in multiple vital signs, which have been shown to be more important for predicting outcomes than more dramatic elevations in a single vital sign (9) . Aggregate weighted scores, which include several gradations of derangement and allow high scores to occur from both individual and combinations of vital sign abnormalities, do not suffer from these limitations. The NEWS has the added benefit of being informed by the dataset used to derive the ViEWS, rather than having been developed solely on the basis of expert opinion, upon which the vast majority of single parameter and many commonly used aggregated weighted scores were, including the MEWS. This is evident in the heavier weighting of subtler respiratory rate derangements, for example, which has been shown to be the vital sign with the strongest correlation to clinical deterioration (10, 11) . In fact, the use of patient data in its development is the likely rationale for the superiority of NEWS to MEWS in prior head-on comparisons.
However, the improvements in accuracy need not stop there. Additional variables like laboratory data can be added and the full range of values can be utilized with logistic regression models and other similar models (12, 13). The use of vital sign trends can also increase accuracy, although accounting for these is more complicated than initially thought (14) . Furthermore, the advent of machine learning tools, such as random forests, enable even more accurate models for predicting clinical deterioration (11) .
If one believes that accuracy matters, and any hospital that has ever struggled with false alarms or missed opportunities would be hard pressed to argue that it does not, each hospital system owes it to its providers and patients to implement the most accurate activation tool it can. For those hospitals still using paper charts, that should be one of the aggregated weighted scores, of which the NEWS appears to be one of the stronger contenders. However, for those hospitals that have transitioned to the computer age, it is time to start thinking beyond paper-based screening tools and make our expensive computers and electronic health records (EHRs) do the work they were designed to do. Retrofitting them with less accurate paper-based tools makes little sense.
Although results like the paper by Smith et al (6) suggest that this could and should be the beginning of the end for single-parameter tools, it is becoming clear that sometime in the future we will be saying the same thing about simple aggregated weighted scores, like the NEWS, at least in their current form. EHRs are already ubiquitous in the United States, and are becoming more common in Europe, Australia, and other parts of the world as well. The EHR can harness the promise of "big data," with countless variables and high power computing to automatically calculate complex and accurate algorithms in real-time. The future will belong to comprehensive and complex scores that are more accurate than NEWS, examples of which are already up and running in several hospitals today (13, 15) . For hospitals that have already fully transitioned to using EHRs, it is time to make this future a reality. At a minimum, it is time to retire the single-parameter activation criteria once and for all. I n this issue of Critical Care Medicine, Lindner et al (1) breathe new life into the much maligned systemic inflammatory response syndrome (SIRS) criteria. Using a sophisticated and elegant research design, these authors leverage an automated algorithm embedded in an electronic patient data management system (PDMS) to capture a dynamic minute to minute look at changes in meeting from 0-4 of the SIRS criteria and correlate this with sepsis prediction and diagnosis in a polytrauma cohort. Sepsis diagnosis and onset was defined as time of order to initiate antimicrobials. SIRS prevalence and how that changes over time was monitored using three algorithm-derived SIRS "descriptors" (see below). The use of these dynamic SIRS descriptors is shown to improve specificity of sepsis prediction and diagnosis.
The concept of leveraging an electronic PDMS in attempts to assist in the diagnosis of sepsis and infection is promising (2, 3) . Success in this area will require refinement of integrative and predictive systems in order to define the time variance among variables of interest. The dynamic approach taken by Lindner et al (1) is the progress in that direction. Systems such as this may not only improve patient care but could also allow for more valid interfacility comparisons. Real-time electronic surveillance tools leveraging electronic medical records have shown improved diagnostic capability for sepsis and typically have included the SIRS criteria as part of the alert (4-6). The SIRS criteria, despite the poor specificity for diagnosis of sepsis, have been shown to correlate with outcome prediction (7) . Large European databases have shown prognostic importance of the SIRS criteria in predicting severity of infection, organ failure, and outcome (8) . The SIRS criteria have also been demonstrated to independently predict infection in blunt trauma patients when present at the time of admission (9) .
Recognizing the problems with the conventional use of SIRS criteria for diagnosing infection (high sensitivity but lack of specificity), Lindner et al (1) tapped the PDMS to build a "dynamic" outcome probability estimation using the SIRS criteria. The traditional spot check static use of the SIRS criteria was replaced with a computerized algorithm for monitoring the number of SIRS criteria met using intuitive temporal summary measures called "SIRS descriptors." This type of system has the capability to use the PDMS to continuously monitor changes in meeting SIRS criteria over an entire 1,440 minutes of a 24-hour block of time. The three SIRS descriptors used included 1) the average number of SIRS criteria over a time period of interest (0-4), 2) the first to last minute difference in the integration of the number of SIRS criteria (-4 to +4), and 3) the frequency of change in SIRS criteria for all 1,439 minute-to-minute transitions (fluctuation range, 0-1,439). Of note, circulatory support by catecholamines was given equal weight as tachycardia for meeting SIRS criteria. Likewise, respiratory support was allowed to fulfill the tachypnea/hyperventilation SIRS criteria.
Over the first 24 hours of admission, there was a minuteby-minute increase in the mean number of SIRS criteria across the population as a whole. For sepsis prediction, sepsis cases diagnosed at any point in time were compared with controls who had remained sepsis free throughout the ICU stay. Of the 256 polytrauma patients, 86 (33.2%) developed sepsis in the ICU with a median time to diagnosis of 7 days.
This innovative study design analyzed SIRS criteria minute to minute using SIRS descriptors, producing a shift from a
